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ABSTRACT
 
Concentrations of PCBs in three age groups of six fish species (largemouth bass, 
channel catfish, common carp, bluegill sunfish, white crappie, and gizzard shad) were studied 
at three sites (one being in proximity to the main PCB point-source) in Crab Orchard Lake, 
Williamson County, Illinois, in fall 1986, spring 1987, and summer 1989 Channel catfish 
PCB burdens were also analyzed in summer 1990 PCB concentrations varied substantially in 
each species by season/year and appeared to be strongly related to seasonal changes in fish 
lipid levels PCB concentrations were positively correlated with lipid levels in all fish species 
studied except common carp Lipid levels were lowest in summer in all species studied 
Channel catfish (fall and spring), common carp (fall), and largemouth bass (fall), often had 
PCB concentrations exceeding the FDA action level for edible tissues (2 0 mg/kg) Fish 
collected in proximity to the main PCB point-source were often significantly more 
contaminated than those collected further away A major water level drawdown in fall 1989 
was not found to affect summer PCB concentrations in channel catfish the subsequent year 
The substantial decline in PCB contamination in conjunction with natural reductions in lipid 
levels in fish from spring to summer indicates that a successfully completed cleanup of a point­
source of PCB contamination could show relatively rapid results within a fish community 
High PCB burdens appear to not be permanently sequestered in fish, but rather such conditions 
apparently require continual exposure in the environment 
vii 

CHAPTER 1 INTRODUCTION
 
BACKGROUND
 
During 1984, it was disclosed to the public that high levels of polychlorinated 
biphenyls (PCBs) are present in the ecosystem associated with the Crab Orchard National 
Wildlife Refuge Relatively high levels of PCBs have been found in fish taken from the 
2,796-hectare Crab Orchard Lake (which is located on the refuge) since 1977 (Hite and King 
1977) The lake supports heavy sport fishing pressure and plays an important role in tourism 
in southeln Illinois 
One major source of the PCBs is thought to be from what is known as the Sangamo 
dumpsite , the former location of a transformer manufacturing facility Sediment samples taken 
in 1975 indicate elevated levels of PCBs in Crab Orchard Creek (Hite and King 1977), into 
which the City of Marion's wastewater treatment plant discharges In addition to PCBs, the 
ecosystem has received the input of heavy metals and other hazardous materials for more than 
40 years The refuge was the site of the Illinois Ordinance Plant that manufactured munitions 
starting in 1942, which was two years after filling the reservoir The plant used the water 
from the reservoir during manufacturing, as have other industries (see Chapter 2) that filled 
the vacant plant after munitions manufacturing stopped The lake has also received untreated 
and partially treated sewage effluent, as well as agricultural land runoff 
Even with the high levels of pollutants in the environment, the exposure route between 
contaminants and organisms is apparently limited, presumably due to the contaminants being 
tightly bound to the soil and sediments The lake supports a relatively diverse fish community, 
which has a standing crop of fish of about 300 kg/ha (Southern Illinois University-Carbondale 
Fisheries Research Laboratory, unpublished data) Growth rates of many of the sport species 
are comparable to other reservoirs at the same latitude Approximately 80,000 Canada geese 
(Branta canadensis) overwinter on the refuge (Bell and Klimstra 1970, Raveling 1970, 
Raveling et al 1972) The refuge also supports a substantial white-tailed deer (Odocoileus 
virginianus) herd and various other types of wildlife (Moran 1953, Bennet 1957, Klimstra and 
Corder 1957, Klimstra and Ziccardi 1963, Roseberry et al 1969, Hawkins and Klimstra 1970, 
Hawkins et al 1971, Lancia et al 1975) 
We conducted an HWRIC-funded investigation on levels of PCBs and trace metals in 
Crab Orchard Lake sediment, benthos, zooplankton and fish since August, 1986 Samples 
were collected in the autumn of 1986, spring of 1987, and summer of 1989 and 1990 (only 
channel catfish were sampled in 1990) Our initial findings (Kohler et al 1990) were limited 
to autumn collections and indicated that trace metals do not appear to pose a human health 
hazard whereas PCBs in fish fillets often exceeded the FDA standard of 2 mg/kg Fishes 
collected near the Sangamo dumpsite consistently contained higher levels of PCB 
contamination than those collected from locations further away Common carp (Cyprinus 
carpio) contained the highest PCB levels (mean = 5 59 mg/kg) at the contaminated site with 
only one specimen not containing a level above the FDA standard One-half of the channel 
catfish (Ictalurus punctatus) from the contaminated site were above the FDA standard Three 
1
 
channel catfish from the other two sites were also above the standard One-third of the 
largemouth bass (Micropterus salmoides) and bluegill sunfish (Lepomis macrochirus) exceeded 
the FDA standard for edible portion at the contaminated site whereas all white crappie 
(Pomoxis annularis) were below 2 mg/kg Overall, 38 percent of fishes collected near the 
Sangamo dumpsite were above the FDA standard for edible portion while less than 4 percent 
contained such levels from the other sites (those all being channel catfish) 
Because PCBs in fish are often positively correlated with lipid content (Phillips 1986), 
and lipid storage in fish varies seasonally (Phillips 1980), the present study was designed to 
obtain a seasonal and spatial pattern analysis of PCB contamination of fishes in Crab Orchard 
Lake This information will allow assessment of the relative risks of consuming fish caught in 
Crab Orchard Lake during the three seasons when most fishing takes place 
Following our summer collection in 1989, the water level of Crab Orchard Lake was 
dropped by nearly half its depth to accommodate repair work on the main levee The water 
level remained low until late spring 1990, when it was refilled to its normal depth by rainfall 
The contaminated site was completely exposed during the drawdown period The drawdown 
forced all fish into the middle portion of the reservoir We hypothesized that the drawdown 
would cause lake-wide redistribution of fishes If so, highly PCB contaminated fishes might 
now be found at a higher proportion at various sites We tested this hypothesis by collecting 
channel catfish from three sites in summer 1990 and having them analyzed for PCB 
concentrations Based on species analyzed in fall 1986, channel catfish are apparently a likely 
species to have high PCB concentrations The channel catfish is also a species highly sought 
by and consumed by the angling public Consequently, we feel that the channel catfish should 
be the species of prime interest when sampling waters contaminated by PCBs 
PROJECT OBJECTIVES 
The primary purpose of the study was to obtain baseline data in order to follow the 
temporal changes in PCB levels within selected aquatic ecosystem components before, during, 
and after the cleanup operations at the Sangamo dumpsite Six species of fish served as the 
biotic component for monitoring purposes By correlating levels of contaminants with 
variables such as species of fish (trophic status), age, and sample location over a number of 
years and seasons, it will be possible to address the short- and long-term outcomes of a 
cleanup program Information of this nature about reservoir systems is virtually non-existent, 
and results of the study will provide a basis for evaluating the efficacy of such cleanup efforts 
Specifically, the objectives of the study were 
1) to determine total PCB levels in six fish species from Crab Orchard Lake, 
2) to compare PCB levels by species, trophic status, age class, sample location, and 
season/year among six fish species, and 
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3) to compare PCB levels of channel catfish collected in the summers of 1989 and 
1990 from Crab Orchard Lake (before and after drawdown). 
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Figure 1. Map of Crab Orchard Lake showing sampling sites (only fish from sites 1, 7, 
and 10 were analyzed). 
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CHAPTER 2 MATERIALS AND METHODS
 
STUDY SITE DESCRIPTION 
Crab Orchard Lake is a 2,796 hectare reservoir located on the Crab Orchard National 
Wildlife Refuge in Williamson County, Illinois (9S IE, NW33) (Figure 1) The purpose of 
the reservoir, completed in 1940, was to provide work, recreation, and a refuge for migratory 
waterfowl, as well as a water supply for local municipalities (Stall et al 1954) The reservoir 
is approximately 14 5 kIn long extending eastward from the dam The width of the reservoir 
varies from 2 4 kIn across near the dam to °8 Jan at the east end The reservoir has a mean 
depth of 3 °m and a maximum depth of 100m (Hite and King 1977) 
Based on the National Eutrophication Survey conducted by the United States 
Environmental Protection Agency (1975), Crab Orchard Lake is considered to be eutrophic 
(nutrient rich) Water quality problems include continual nutrient enrichment and 
sedimentation Over 20 point source discharges are located within the Crab Orchard Creek 
basin The four major sources of nutrient enrichment are wastewater treatment facilities 
located on the Crab Orchard Refuge, John A Logan College, the City of Carterville, and the 
City of Marion (Hite and King 1977) 
The wastewater treatment plant on the Crab Orchard National Wildlife Refuge at one 
time treated industrial and/or sanitary effluent from various industries including Diagraph 
Bradley, Midwest Brush, National Production, Olin Co , Supreme Plating, Trojan - U S 
Powder, and Marion Federal Prison (USEPA 1975) In 1975, analysis of sediments showed 
that cadmium concentrations were higher in the eastern end of the lake especially in the bay 
receiving effluent from the Crab Orchard Refuge Wastewater Treatment Plant (Hite and King 
1977) 
The city of Carterville and John A Logan College sewage treatment plants both 
discharge into Pin Oak Creek which enters Crab Orchard Lake 2 4 km downstream Rite and 
King (1977) reported severely degraded conditions existed immediately downstream from the 
Carterville plant and persisted 1 3 km from Crab Orchard Lake The effects of the discharge 
from John A Logan College were not apparent 
Marion's sewage treatment plant discharges effluent into Crab Orchard Creek which 
enters Crab Orchard Lake at the east end Sediment samples from the creek between Marion 
and Crab Orchard Lake had higher concentrations of copper, lead, mercury, and zinc than 
other streams in the basin PCBs, DDT, and dieldrin were also elevated in the sediments in 
those areas of Crab Orchard Creek (Hite and King 1977) 
SAMPLE COLLECTION 
Fish Largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus), 
white crappie (Pomoxis annularis), channel catfish (Ictalurus punctatus), common carp 
(Cyprinus carpio), and gizzard shad (Dorosoma cepedianum) were collected from Crab 
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Orchard Lake at sites 1, 7, and 10 in fall 1986, spring 1987, and summer 1989 Channel 
catfish were also collected in summer 1990 Fish were captured by electrofishing, gill nets, 
and trap nets Upon capture, fish were immediately placed on ice and transported to facilities 
at Southern Illinois University-Carbondale (SIUC) Fisheries Research Laboratory Specimens 
were placed into polyethylene bags and frozen prior to analysis Later, fishes were partially 
thawed so that otoliths and/or spines could be removed with stainless steel dissecting tools for 
aging of individual fish After removal, each fish was individually wrapped in freezer paper 
and stored prior to analysis Largemouth bass, white crappie, bluegill, and gizzard shad were 
aged by enumerating annual growth rings on otoliths (Heidinger and Clodfelter 1987) 
Common carp and channel catfish were aged by enumerating annual growth rings on dorsal 
and pectoral spines, respectively (Sneed 1951). 
PCB analyses were performed on young, intermediate-age, and old fish The actual 
ages depended upon the life expectancy of the species For example, young, intermediate and 
old gizzard shad would be represented by individuals 1, 3, and 5 years old, respectively, 
largemouth bass by fish 1-2, 3-5, and 7-10 years old, and some carp and channel catfish may 
exceed 15 years of age Therefore, sampling each season entailed collecting three specimens 
of each of the three age groups for each of the six species at each of the three sampling 
locations Analyses for PCBs were performed on fillets and whole fish Biological 
characteristics of each species are summarized in Table 1 
SAMPLE PREPARATION 
The fall and spring samples were prepared for analysis by staff at the Illinois Natural 
History Survey (INHS), Champaign, Illinois The summer samples were prepared by staff at 
the Animal Disease Laboratory (ADL), Centralia, Illinois using the same protocol 
Fish samples were prepared for analyses as follows 
1	 weigh total fish and record weight, 
2	 carefully remove (and discard) alimentary tract without contaminating remaining 
sample, 
3	 reweigh fish and record weight, 
4	 dissect off one full fillet, 
a remove (but save) skin (catfish) or scales (all others), 
b weigh fillet and record weight, 
c homogenize fillet, 
d take 8 x I-g aliquots of fillet and weigh to nearest 0 01 g, 
6 
(1) 1 & 2 Trace Metals (TM) (Fall samples only) 
(2) 3 & 4 Mercury (Hg) (Fall samples only) 
(3) 5 & 6 PCBs 
(4) 7 & 8 Lipids 
5 remove liver, 
6 weigh liver and record weight, 
7 take 4 x l-g aliquots of homogenized liver and weigh to nearest 0 01 g; 
a 1 & 2 TM (Fall samples only) 
b 3 & 4 Hg (Fall samples only) 
8 add remaining liver, skin, or scales, and remaining fish to fillet homogenate, 
9 homogenize whole mix to uniformity, 
10 take 8 x l-g aliquots and weigh and analyze as in 4.d above, 
11 transfer at least 100 g homogenate to plastic bag and freeze for future reference 
Note. See Kohler et al (1990) for fall heavy metal results 
PCB ANALYSIS 
Fall and spring samples were analyzed by staff INHS at Champaign, Illinois Summer 
samples were analyzed by staff at ADL, Centralia, Illinois 
PCB Extraction at INHS Approximately 1 g of tissue was placed into an Erlenmeyer flask. 
Twenty-five ml of 50% KOH and 50 ml of 99% (redistilled) ethanol were added and stirred 
for 1 hour and allowed to stand overnight If the tissue was not fully dissolved in that period 
of time, another 5 m! of KOH were added and the solution was warmed to dissolve the 
remaining residue 
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Table 1 Charactenstlcs of fish specIes exammed for PCB contammatlon. 
SpecIes LongevIty 
(yrs) 
Larvae 
Food preference 
Juvenile Adult Spatlal distributIon TrophIC Status 
Sportfish/Foodfish 
status 
Largemouth bass 15-20 Zooplankton Fish Fish Generally 
nearshore 
Top carmvore Highly sought as sport and 
food 
WhIte crappIe 10 Zooplankton Zooplankton/ 
msects 
Insects/fish PelagIc Secondary 
consumer 
Highly sought as sport and 
food 
00 Channel catfish 15-20 Zooplankton Insects Benthos/fish BenthIc Secondary 
consumer 
Often sought as sport and 
food 
Bluegill sunfish 10 Zooplankton Zooplankton/ 
Insects 
Benthos/fish All regIOns Secondary 
consumer 
Often sought as sport and 
food 
Common carp 20-25 Zooplankton Detntus/ 
benthos 
Detntus/ 
benthos 
BenthIc Detnttvore/ 
secondary 
consumer 
SometImes sought as sport 
and food 
Gizzard shad 9 Umcellular 
organIsms 
Zooplankton/ 
phytoplankton 
Detntus/ 
benthos 
All regIOns Pnmary and 
secondary 
consumer, 
detntlvore 
Major forage for sportfish 
The solution was then transferred to a 1000-ml separatory funnel and 50 ml of 
deionized water and 50 ml methylene chloride were added This solution was shaken and 
allowed over several hours to separate into phases The water layer was drained off and 
discarded Three-hundred milliliters of double-distilled water were then added to the 
methylene chloride layer and allowed to equilibrate without shaking for at least 30 minutes 
The water layer was drained off and discarded Another 300 rol of double-distilled water were 
added, and the solution was shaken and left to stand in order to separate into layers If the 
methylene chloride layer was not clear, water washes were continued until it was clear, When 
the methylene chloride layer was clear, 100 ml of 1% HCI was added The mixture was 
shaken for several minutes and allowed to separate The HCllayer was then drained off and 
discarded The methylene chloride extract was then washed with water After washing, the 
methylene chloride extract was drained through a funnel containing Na2S04 to remove residual 
water Methylene chloride was used to rinse the extract through the funnel 
The extract was collected in an Erlenmeyer flask with a 24/40 ground glass top. The 
flask was fitted with a 3-ball Snyder column, and the extract was reduced to a small volume on 
a steam bath The extract was then fractionated on a 30-g Florisil column, eluted with 90 ml 
of hexane, 200 ml of 10% ether in hexane, and 150 rol of either 10% acetone in hexane or 
50% ether in hexane Each elution was reduced under a Snyder column to a volume suitable 
for gas chromatography analysis Samples were compared to reference standards from the 
USEPA on the same day under the same conditions 
PCB Extraction at ADL Each specimen was thawed, eviscerated, and coarse ground in a 
Hobart, Model 84142, food chopper Samples were homogenized in a Robot-Coupe food 
processor to uniform consistency Two 5 gram samples were placed in separate test tubes with 
10 grams of anhydrous sodium sulfate and 20 0 ml of pesticide grade methylene 
chloride/cyclohexane (50/50) for 48 hours Samples were then exposed to a pulsed ultrasonic 
probe for 30 seconds (4 seconds on - 1 second off) Tubes were sealed with teflon-lined caps 
and placed in a 50° C water bath for two hours Samples were sonicated for 30 seconds, as 
before, and filtered through medium fast filter paper A 5 ml portion was placed in an ABC 
Model 1002A gel permeation chromatograph The eluant from the column after clean-up was 
collected and evaporated to dryness using a Buchii flash evaporator A 4 rol aliquot of 
isooctane was added to the flash All available eluant was retlloved and placed into a vial and 
sealed prior to analysis 
Analysis was performed on a Hewlett-Packard 5890 Series II Gas Chromatograph fitted 
with an EC detector, auto injector and dual 30 m DB-5 column (0 25 /lm) Data analysis was 
accomplished on a Hewlett-Packard Vectra QS 20 computer using Hewlett-Packard software 
PCBs in tissue were quantified based on content of Aroclor 1254, which is the dominant 
component of the soil at Crab Orchard National Wildlife Refuge (O'Brien and Gere 1988). 
Quantification was accomplished by comparing 12 representative peaks of a standard Aroclor 
1254 preparation to the same 12 peaks in extracted samples containing unknown quantities of 
PCBs Final concentrations were expressed in /lg Aroclor 1254/g wet weight of tissue 
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Quality control procedures included fortification analysis (recoveries > 95 %), standard 
injection every third run and duplicate sample processing 
Laboratory Cross-Checking Fifteen fish samples were analyzed for PCBs by both INHS and 
ADL (Table 2) Values obtained were not significantly different (P <0.05, paired t-test) 
Quality assurance information comprising chain of custody forms and specific preparation 
protocols for both laboratories are available upon request from the Hazardous Waste Research 
and Information Center Detection limits are provided in tables where PCB levels are reported 
(see Results) 
Table 2 Crab Orchard Lake PCB concentrations (mg/kg) laboratory checks 
ID# Animal Disease Lab INHS 
Spring 
7LMB15 1 79 1 70 
7LMBll 067 066 
10LMB13 1 44 1 97 
10LMB16 (2 49, 1 94)* 3 43 
7LMB4 039 039 
7GZS17 058 041 
Fall 
IGZS2 084 037 
10LMBll 1 41 5 21 
10LMB29 10 81 12 8 
10CCC9 5 58 627 
lOGZS2 1 13 1 77 
lOLMB35 475 3 54 
10GZSl o 53 1 57 
10LMB7 3 16 1 37 
10CCC5 3 99 4 87 
* Aroclor 1254 and 1260, respectively 
Detection limits = 0 001 mg/kg 
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LIPID ANALYSIS 
Approximately 1 g of frozen tissue was spread evenly over the bottom of a 22 x 80 
mm cellulose thimble A small wad of glass wool was placed over the surface of the sample in 
the thimble to help evenly distribute the solvent The thimble was placed in the glass thimble 
receptacle and pressed into the clamp on the condenser apparatus. Approximately 50 ml of 
solvent mixture, chloroform methanol (2 1), were added to a dry extraction beaker that had 
been weighed to the nearest 0 001 g This beaker was then screwed into the collar on the 
condenser apparatus The heating element was raised to make contact with the base of the 
extraction beaker Extraction proceeded for at least 4 hours, replenishing the solvent 
if/whenever the depth in the beaker fell below 0 64 cm 
After extraction the beaker was placed in a steam bath to evaporate the solvent When 
all the organic solvent had evaporated, the beaker was placed in a 100 0 C oven for 20-30 
minutes to remove residual water After the beaker had cooled it was weighed to the nearest 
o 001 g The original weight of the beaker was subtracted from this weight to determine the 
lipid weight of the tissue sample The percent lipid of the tissue was calculated by dividing the 
lipid weight by the weight of the tissue sample and multiplying by 100 
STATISTICAL ANALYSIS 
Statistical analysis was conducted using the Statistical Analysis System (SAS Institute, 
Inc) on the mainframe computer facilities at SIUC One-way analysis of variance using the 
General Linear Model procedure and Tukeys (HSD) test was employed to determine the 
variability of PCB concentrations in each fish species between the sampling sites and within 
the same sampling sites by season The t-test was used for comparisons involving 2 means 
Pearson' s Product-Moment correlation test was used to relate PCB concentrations in fish with 
lipid levels The significance level for all tests was P < 0 05 
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CHAPTER 3 RESULTS
 
SEASONAL/TEMPORAL PATTERNS OF PCB CONTAMINATION 
PCB concentrations were generally highest in fall 1986, intermediate in spring 1987, 
and lowest in summer 1989 among the six fish species tested as either whole body (Tables 3-5) 
or fillets (Tables 6-8) The trend was most evident at the site of highest contamination (site 
10) Only in channel catfish did whole body PCB concentrations not significantly decline 
between fall 1986 and spring 1987 (Table 3) With respect to fillets, white crappie along with 
channel catfish did not significantly decline over this period (Table 6) With the exception of 
white crappie fillet levels, all fish species had significantly lower PCB concentrations by 
summer 1989 relative to fall 1986 at site 10 (Tables 3 and 6) The trend was evident, but not 
as consistent nor as significant at site 7 (Tables 4 and 7) and site 1 (Tables 5 and 8) Channel 
catfish whole body PCB concentrations at site 7 were significantly higher in summer 1989 than 
those collected in the two previous sampling periods (Table 4) PCB concentrations in channel 
catfish fillets at site 7 were significantly higher in summer 1989 than spring 1987, but were 
equivalent to fall 1986 (Table 7) At site 1, PCB concentrations among the six species tested 
were either significantly lower or equivalent in summer 1989 than the two previous sampling 
periods in whole bodies (Table 5) and fillets (Table 8) 
SPATIAL DISTRIBUTION OF PCB CONTAMINATION 
PCB concentrations among the six species tested were generally highest among those 
collected in close proximity to the main point source, site 10 (Tables 9-14) Whole body PCB 
concentrations (all age groups combined) were significantly higher among all six fish species at 
site 10 in fall 1986 (Table 9) and spring 1987 (Table 10), while only largemouth bass and 
common carp were not significantly higher at this site in summer 1989 (Table 11) The trend 
was less evident with respect to fillets Five, three, and one species out of six were 
significantly higher in fillet PCB concentrations at site 10 in fall 1986 (Table 12), spring 1987 
(Table 13), and summer 1989 (Table 14), respectively PCB concentrations among all six 
species were not significantly different between those collected at sites 1 and 7 in either whole 
body (Tables 9-11) or fillet (Tables 12-14) analyses Although small salnple sizes precluded 
statistical analysis, the above patterns were also in evidence by age groups (Tables 9-14) 
PATTERNS OF PCB CONCENTRATIONS BY FISH SPECIES 
Largemouth bass Whole body PCB concentrations (all ages combined) ranged from a high of 
5 20 mg/kg at site 10 in fall 1986 (Table 9) to a low of 0 297 mg/kg at site 1 in summer 1989 
(Table 11). Whole body PCB concentrations consistently increased with age at sites 1 and 7 in 
all three sampling periods, while at site 10 intermediate-age fish always contained the highest 
contamination levels (Tables 9-11) Thirty-three percent of bass at site 10 in fall 1986 had 
fillet PCB concentrations that exceeded the 2 00 mg/kg action level set by the FDA for human 
consumption (Title 21, Code of Federal Regulations 109 30) However, no bass collected 
from the other sites in the same season/year, nor from any site in the other seasons/years 
exceeded the action level 
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Table 3 Seasonal/temporal pattern of mean1 whole body PCB concentrations (mg/kg) in 
various fish species (age groups combined) collected in Crab Orchard Lake at site 10 Values 
with same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA, alpha = 0 05) 
Species Fa1l2 Spring3 Summer4 
Largemouth bass 5 20 a 2 88 b o886 c 
Channel catfish 4 31 a (8) 5 07 a (4) 1 03 b 
Cornmon carp 127 a 1 93 b 1 47 b 
Bluegill sunfish 478 a 2 15 b (7) o 149 b 
White crappie 1 28 a 0919 b o 182 b 
Gizzard shad 405 a 1.14 b 0509 b 
1/ n=9 unless otherwise noted in parentheses 
2/ 1986 
3/ 1987 
4/ 1989 
Detection limits = 0 001 mg/kg 
Table 4 Seasonal/temporal pattern of mean1 whole body PCB concentrations (mg/kg) in 
various fish species (age groups combined) collected in Crab Orchard Lake at site 7 Values 
with same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA, alpha = 0 05) 
Species Fa1l2 Spring3 Surnmer4 
Largemouth bass o 848 a,b 1 108 b 0451 a 
Channel catfish 1 38 a 0664 b 2.26 c 
Common carp 0396 a 0399 a 0595 a 
Bluegill sunfish 0281 a 0033 b o 184 c 
White crappie 0239 a 0071 b 0334 c 
Gizzard shad o 914 a 0293 a 0502 a 
11 n = 9 unless otherwise noted in parentheses 
2f 1986 
3/ 1987 
4/ 1989 
Detection limits = 0 001 mg/kg 
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Table 5 Seasonal/temporal pattern of mean! whole body PCB concentrations (mg/kg) in 
various fish species (age groups combined) collected in Crab Orchard Lake at site 1 Values 
with same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA, alpha = 0 05) 
Species Fale Spring3 Summer4 
Largemouth bass o437 a,b 0825 b 0297 a 
Channel catfish 240 a 1 50 a 0505 a 
Common carp 1 15 a 0648 a 0500 a 
Bluegill sunfish 0325 a o 140 b 0062 c 
White crappie 0267 a 0207 a 0076 b 
Gizzard shad 0378 a o 190 a o 108 b 
11 n = 9 unless otherwise noted in parentheses 
2/ 1986 
3/ 1987 
4/ 1989 
Detection limits = 0 001 mg/kg 
Table 6 Seasonal/temporal pattern of mean! PCB concentrations (mg/kg) in fillets of various 
fish species (age groups combined) collected in Crab Orchard Lake at site 10 Values with the 
same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA, alpha = 0 05) 
Species Fale Spring3 Summer4 
Largemouth bass 
Channel catfish 
Common carp 
Bluegill sunfish 
White crappie 
Gizzard shad 
1 64 a 
290 a (8) 
5 59 a 
1 58 a 
0264 a 
1 58 a 
0403 b 
3 08 a (6) 
0824 b 
0263 b 
0254 a 
0583 b 
0292 b 
0574 b 
0260 b 
<001 c 
<001 a 
0392 b 
11 n = 9 unless otherwise noted in parentheses 
2/ 1986 
3/ 1987 
4/ 1989 
Detection limits = 0 001 lng/kg 
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Table 7. Seasonal/temporal pattern of mean1 PCB concentrations (mg/kg) in fillets of various 
fish species (age groups combined) collected in Crab Orchard Lake at site 7. Values with the 
same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA, alpha = 0 05) 
Species Fa1l2 Spring3 Summer4 
Largemouth bass 0.281 a 0059 a 0342 a 
Channel catfish a 939 a,b 0578 a 1 316 b 
Common carp 0233 a o 166 a 0293 a 
Bluegill sunfish 0.181 a 0013 b 0068 c 
White crappie o 120 a 0012 b o 086 b (8) 
Gizzard shad 0490 a 0075 b 0212 b 
11 n = 9 ullless otherWIse noted in parentheses 
21 1986 
31 1987 
4/ 1989 
Detection limits = 0 001 mg/kg 
Table 8 Seasonal/temporal pattern of mean1 PCB concentrations (mg/kg) in fillets of various 
fish species (age groups combined) collected in Crab Orchard Lake at site 1 Values with the 
same letters within rows (statistical analyses are within species only) are not significantly 
different (ANOVA; alpha = 0 05) 
Species Fall2 Spring3 Summer4 
Largemouth bass o 191 a o 191 a 0029 b 
Channel catfish 1 49 a 0833 a 0286 a 
Common carp 0586 a o 311 a 0249 a 
Bluegill sunfish 0200 a 0058 b 0013 b 
White crappie o 153 a 0074 b 0010 c 
Gizzard shad 0309 a o 127 b 0068 b 
1/ n=9 unless otherwise noted In parentheses 
2/ 1986 
3/ 1987 
4/1989 
Detection limits = 0 001 mg/kg 
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Table 9 Mean! whole body PCB concentrations (mg/kg) in various fish species collected from 
three sites in Crab Orchard Lake, Fall 1986 Values with same letters within rows (statistical 
analyses are within species only) are not significantly different (ANOVA, alpha =0 05) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young 0224 0366 432 
Intermediate 0456 0991 698 
Old 0.632 1.19 4.31 
Composite 0437 a o 848 a 520 b 
Channel catfish 
Young 0494 0686 205 
Intermediate 5 26 1 65 4 36 (2) 
Old 1.44 1.80 6.54 
Composite 240 a 1 38 a 4 31 b 
Common carp 
Young 0899 0216 660 
Intermediate 1 71 0419 240 
Old 0.845 0.551 7.39 
Composite 1 15 a 0396 a 127 b 
Bluegill sunfish 
Young 0403 0226 5 26 
Intermediate 0364 0274 664 
Old 0.208 0.344 2.45 
Composite 0325 a 0281 a 478 b 
White crappie 
Young o 195 o 181 0755 
Intermediate 0295 0287 1 73 
Old 0.310 0.248 1.36 
Composite 0267 a 0239 a 1 28 b 
Gizzard shad 
Young 0350 0573 1 72 
Intermediate 0532 1 57 907 
Old 0.253 0.598 1.37 
Composite 0378 a 0914 a 405 b 
11 n =3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Table 10 Meani whole body PCB concentrations (mg/kg) in various fish species collected 
from three sites in Crab Orchard Lake, Spring 1987 Values with the same letters within rows 
(statistical analyses are within species only) are not significantly different (ANOVA, alpha = 
005) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young 0375 0477 269 
Intermediate 0733 1 201 3.227 
Old 1.367 1.647 2.73 
Composite 0825 a 1 108 a 2 882 b 
Channel catfish 
Young 1 20 (1) 1 60 (1) ------­ (0) 
Intermediate 1 34 (5) 2 04 (5) 4 34 (2) 
Old 1.86 2.85 6.52 
Composite 1 498 a 226 a 507 b 
Common carp 
Young 0523 o 349 (2) 1 68 
Intermediate 1 06 o 561 (2) 1 99 
Old 0.364 0.797 (4) 2.11 
Composite 0649 a 0556 a 1 93 b 
Bluegill sunfish 
Young o 140 o 128 3 12 
Intermediate o 186 0244 243 (2) 
Old 0.094 0.180 0.154 (2) 
Composite o 140 a o 184 a 2 151 b 
White crappie 
Young o 220 (2) o227 (4) o 292 (2) 
Intermediate o209 (4) o393 (2) o 924 (4) 
Old 0.243 0.439 1.33 
Composite 0223 a 0335 a 0919 b 
Gizzard shad 
Young 0222 0586 1 41 
Intermediate 0210 o 351 o 685 (2) 
Old 0.138 0.571 1.16 (4) 
Composite o 190 a 0503 a 1 14 b 
11 n =3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Table 11 Mean1 whole body PCB concentrations (mg/kg) in various fish species collected 
from three sites in Crab Orchard Lake, Summer 1989 Values with the same letters within 
rows (statistical analyses are within species only) are not significantly different (ANOVA, 
alpha = 0 05) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young 0082 0072 0884 
Intermediate o 318 0433 1 12 
Old 0.491 0.782 0.652 
Composite 0297 a 0429 a o 886 a 
Channel catfish 
Young 0297 o 164 1 00 
Intermediate 0485 0805 1 08 
Old 0.733 1.02 0.992 
Composite 0496 a 0664 a 1 03 b 
Common carp 
Young o 192 o 146 0279 
Intermediate 0877 0876 3 41 
Old 0.432 0.175 0.734 
Composite 0500 a 1 20 a 1 47 a 
Bluegill sunfish 
Young 0075 0033 o 135 
Intermediate 0070 0016 0079 
Old 0.053 0.039 0.232 
Composite 0066 a 0029 a o 149 b 
White crappie 
Young 0058 0043 0227 
Intermediate 0059 0050 o 132 
Old 0.108 0.117 0.188 
Composite 0075 a 0070 a o 182 b 
Gizzard shad 
Young 0256 0635 o 815 
Intermediate 0055 o 121 0465 
Old <0.01 0.119 0.246 
Composite <0035 a 0292 a,b 0509 b 
1/ n=3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Table 12 Meanl PCB concentrations (mg/kg) in fillets of various fish species collected from 
three sites in Crab Orchard Lake, Fall 1986 Values with the same letters within rows 
(statistical analyses are within species only) are not significantly different (ANOVA, alpha = 
005) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young o 126 o 142 1 81 
Intermediate 0226 0332 1.61 
Old 0.222 0.356 1.50 
Composite o 191 a 0271 a 1 64 b 
Channel catfish 
Young 0201 0339 0903 
Intermediate 3 46 1 00 2 20 (2) 
Old 0.798 1.47 5.37 
Composite 1 49 a 0939 a 290 a 
Common carp 
Young 0457 o 133 269 
Intermediate 0790 0281 10 3 
Old 0.510 0.285 3.76 
Composite 0586 a 0233 a 5 59 b 
Bluegill sunfish 
Young 0269 o 155 1 65 
Intermediate 0216 0244 1 89 
Old 0.114 0.164 1.22 
Composite 0200 a o 181 a 1 58 b 
White crappie 
Young o 148 0.107 0200 
Intermediate o 157 o 141 0349 
Old 0.153 0.172 0.243 
Composite o 153 a o 140 a 0264 b 
Gizzard shad 
Young 0388 0396 0973 
Intermediate 0323 0738 3 28 
Old 0.218 0.334 0.486 
Composite 0.309 a 0490 a 1 58 b 
1/ n = 3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Table 13 Mean! PCB concentrations (mg/kg) in fillets of various fish species collected from 
three sites in Crab Orchard Lake, Spring 1987 Values with the same letters within rows 
(statistical analyses are within species only) are not significantly different (ANOVA, alpha = 
005) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young o 102 o 107 0399 
Intermediate o 198 0275 0418 
Old 0.269 0.645 0.393 
Composite o 190 a 0342 a 0403 a 
Channel catfish 
Young o 711 (1) 1 03 (1) 
Intermediate o648 (5) 1 23 (5) 282 
Old 1.18 1.56 3.60 
Composite o 833 a 1 32 a 3 08 b 
Common carp 
Young 0217 o 194 (2) 0554 
Intermediate 0537 o255 (2) 0937 
Old 0.179 0.361 (4) 0.981 
Composite o 311 a 0260 a 0824 a 
Bluegill sunfish 
Young 0054 0066 0424 
Intermediate 0.066 0071 0298 
Old 0.055 0.068 0.067 
Composite 0058 a 0068 a 0263 b 
White crappie 
Young o077 (2) o056 (4) o 087 (2) 
Intermediate o074 (4) o 100 (1) o 138 (4) 
Old 0.073 0.122 0.519 
Composite 0074 a 0086 a 0254 a 
Gizzard shad 
Young o 150 o 190 0685 
Intermediate o 135 0231 0.404 (2) 
Old 0.096 0.214 0.661 (4) 
Composite o127 a 0.212 a 0612 b 
1/ n =3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Table 14 Mean! PCB concentrations (mg/kg) in fillets of various fish species collected from 
three sites in Crab Orchard Lake, Summer 1989 Values with the same letters within rows 
(statistical analyses are within species only) are not significantly different (ANOVA, alpha = 
005) 
Species/Age Group Site 
1 7 10 
Largemouth bass 
Young <001 <001 0268 
Intermediate <001 0322 0.566 
Old 0.058 0.167 0.043 
Composite <0026 a <0 166 a 0292 a 
Channel catfish 
Young 0050 0047 0466 
Intermediate o 333 0612 0444 
Old 0.457 1.07 0.811 
Composite 0280 a 0578 a 0574 a 
Common carp 
Young 0061 0057 o 149 
Intermediate 0384 0396 0396 
Old 0.303 0.046 0.236 
Composite 0249 a o 166 a 0260 a 
Bluegill sunfish 
Young 0021 <001 0026 
Intermediate <001 <0.01 <001 
Old 0.011 0.025 <0.01 
Composite <0 014 a <0 015 a <0 015 a 
White crappie 
Young <001 <001 0017 
Intermediate <001 <001 <001 
Old <0.01 <0.01 <0.01 
Composite <001 a <001 a <0 012 a 
Gizzard shad 
Young o 164 o151 0557 
Intermediate <001 0037 0227 
Old <0.01 0.047 <0.01 
Composite <0061 a 0078 a <0265 b 
1/ n = 3 unless otherwise noted in parentheses 
Detection limits = 0 001 mg/kg 
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Channel catfish. Whole body PCB concentrations (all ages combined) ranged from a high of 
4 31 mg/kg at site 10 in fall 1986 (Table 9) to a low of 0 496 mg/kg at site 1 in summer 1989 
(Table 11) Whole body PCB concentrations increased with age of fish in all but one sampling 
period/site (Tables 9-11) Two fish at site 7 and one fish at site 1 in fall 1986 had PCB levels 
above the FDA action level for fillets Seven of nine fish from site 10 in spring 1987 were 
also above the action level However, no fish at sites 1 and 7 of that season/year and in all 
sites in summer 1989 were above the action level 
Common carp Whole body PCB concentrations (all ages combined) ranged from a high of 
12 7 mg/kg at site 10 in fall 1986 to a low of 0 396 at site 7 of the same season/year (Table 
9) Intermediate-age carp were highest in PCB concentrations in six and seven samples out of 
nine for whole body and fillets PCB concentrations Eight of nine carp sampled at site 10 in 
fall 1986 had fillet PCB concentrations that exceeded the FDA action level In other 
seasons/years, only one other carp (site 10, summer 1989) was found to be above the action 
level 
Bluegill sunfish Whole body PCB concentrations (all ages combined) ranged from a high of 
4 78 mg/kg at site 10 in fall 1986 (Table 9) to a low of 0 029 mg/kg at site 7 in summer 1989 
(Table 11) No pattern of PCB burden with age was in evidence in whole body (Tables 9-11) 
or in fillets (Tables 12-14) Only two bluegill fillets (both from site 10 in fall 1986) were 
found to exceed the FDA action level 
White crappie Whole body PCB concentrations (all ages combined) ranged from a high of 
1 28 mg/kg at site 10 in fall 1986 (Table 9) to a low of 0 070 mg/kg at site 7 in summer 1989 
(Table 11) No pattern of PCB burden with age was in evidence in whole body (Tables 9-11) 
or in fillets (Tables 12-14) No crappie were found with fillet PCB concentrations that 
exceeded the FDA action level 
Gizzard shad Whole body PCB concentrations (all ages combined) ranged from a high of 
4 05 mg/kg at site 10 in fall 1986 (Table 9) to a low of <0 035 mg/kg at site 1 in summer 
1989 (Table 11) No pattern of PCB burden with age was in evidence in whole body (Tables 
9-11) or in fillets (Tables 12-14) The non-food fish status of gizzard shad precludes any FDA 
action levels 
RELATIONSHIP OF PCB CONCENTRATIONS TO FISH LIPID LEVELS 
PCB concentrations were positively correlated with lipid levels in both fillets and whole 
bodies in all species except common carp (Figures 2 and 3, respectively) Lipid levels were 
always lowest, often significantly, in each species in summer (Tables 15 and 16) Lipid levels 
in whole bodies and fillets followed similar seasonal patterns 
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Figure 2. Relationship of PCBs and lipids in whole bodies of various freshwater fishes in Crab 
Orchard Lake Standard errors shown by bars except when too small for scale of graph 
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Figure 3 Relationship of PCBs and lipids in fillets of various freshwater fishes in Crab Orchard 
Lake Standard errors shown by bars except when too small for scale of graph 
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Table 15 Mean l whole body lipid levels (%) of various fish species (age groups and site 
collections combined) from Crab Orchard Lake Values with the same letters within rows 
(statistical analyses are within species only) are not significantly different (ANOVA, alpha = 
005) 
Species Fa1l2 Spring3 Summer4 
Largemouth bass 5 23 a 447 a 1 78 b 
Channel catfish 8.33 a ,b 13 24 a 7 12 b 
Common carp 5 62 a,b 807 a 400 b 
Bluegill sunfish 483 a 6 10 a 234 b 
White crappie 4 14 a 5 39 a 1 47 b 
Gizzard shad 5 49 a 5 59 a 4 35 a 
11 n=27 
2/ 1986 
3/ 1987 
4/ 1989 
combined) from Crab Orchard Lake Values with the same Iettets within rows (stati:,tical 
analyses are within species only) are not significantly different CANOVA, alpha == 0 005) 
Species Fale Spring3 Summer4 
Largemouth bass 293 a 1 78 b 076 c 
Channel catfish 5 42 a 7 91 a 307 b 
Common carp 298 a 4 39 a 1 22 b 
Bluegill sunfish 252 a 263 a 052 b 
White crappie 1 88 a 2 35 b 037 c 
Gizzard shad 297 a 296 a 033 b 
11 n=27 
2/ 1986 
3/ 1987 
4/ 1989 
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CHANNEL CATFISH PCB CONCENTRATIONS BEFORE-AND-AFTER WATER DRAWDOWN 
No significant differences existed in PCB concentrations of channel catfish (all ages 
combined) collected in summers of 1989 and 1990, between which a major water drawdown 
occurred (Table 17) PCB concentrations also appeared similar by age group in the two 
samples 
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Table 17 Mean1 PCB concentrations (mg/kg) in channel catfish collected in Crab Orchard Lake in 
summers of 1989 and 1990 (before and after drawdown) Values with the same letters within 
rows (statistical analyses are within age groups by separate tissue types only) are not significantly 
different (ANOVA, alpha = 0 05) 
Age Group 
Young 
Intermediate 
Old 
Composite 
1989 
0050 a 
0333 a 
0.457 a 
0280 a 
Fillets 
1990 
Site 1 
o 178 a 
0677 a 
0.506 a 
0453 a 
Whole Body 
1989 1990 
0297 a 0468 a 
0485 a 1 09 a 
0.733 a 0.811 a 
0496 a 0790 a 
Young 
Intermediate 
Old 
Composite 
0047 a 
0612 a 
1.07 a 
0578 a 
Site 7 
0510 a 
0431 a 
1.03 a 
0657 a 
0.164 a 
o 805 a 
1.02 a 
0664 a 
0706 a 
o 808 a 
1.39 a 
0968 a 
Young 
Intermediate 
Old 
Composite 
0466 a 
0444 a 
0.811 a 
0574 a 
Site 10 
0097 a 
0878 a 
0.854 a 
0610 a 
1 00 a 
1 08 a 
0.992 a 
1 03 a 
0556 a 
1 19 a 
0.952 a 
o 898 a 
1/ n =3 for each age group/site, n =9 for each composite value 
Detection limits = 0 001 mg/kg 
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CHAPTER 4 DISCUSSION
 
PCB concentrations were positively correlated with lipid levels in all fish species 
studied except common carp This relationship likely accounts for the substantial decline in 
PCB levels in fish tissue from a high in fall 1986 to a low in summer 1989 Lipid levels were 
always at their lowest levels (often significantly) during summer in each species tested 
(including common carp) The hydrophobic, lipophilic nature of PCBs causes the lipid content 
of a fish to significantly influence the amount that is retained (Phillips 1986). Spawning cycles 
and growth were likely the biological events that contributed to the observed seasonal/temporal 
patterns of PCB accumulation Fish generally exhibit a marked increase in lipid levels during 
gametogenesis, followed by a commensurate loss of lipids after spawning The increase in 
lipids (and gonad weight) begins in fall and peaks just prior to spawning (Shul'man 1974) In 
this study, all fish collected in spring (May 1987) would have initiated spawning except 
channel catfish which spawn in early summer in Crab Orchard Lake Accordingly, lipid levels 
were sometimes higher and sometimes lower than fall values among each species except 
channel catfish which were at their highest levels The variability was probably related to the 
spawning condition of each specimen when collected Actual gonad stages were not examined 
The lack of a positive correlation of lipid and PCB levels in common carp may be due 
to the wide variation in ages in this group (0+ to 18+ years) Long-term exposure to PCBs 
may obscure seasonal changes in that some of the contaminant may become sequestered in 
tissues where they would not be readily eliminated This possible scenario notwithstanding, 
PCB levels in common carp were still at their lowest levels in summer when lipid levels were 
also lowest 
Approximately one-third of all fish collected were at an age when they would be 
sexually immature Nevertheless, lipid levels among these fishes, and in turn PCB levels, 
tended to follow the same seasonal patterns as did the sexually mature age groups 
Sheffy et al (1979) also found a coupled decline in PCB and lipid levels in migrating 
salmonids in the lower Sheboygan River, Wisconsin The migrating salmon apparently ceased 
feeding over a 2-month period, and their lipid levels dropped from a mean of 10 3 to 2 3%, 
while PCB levels declined frOln an average of 8 9 to 4 2 mg/kg 
Other influences may also exist that affect seasonal/temporal patterns of PCB 
accumulation by fishes Because the main point source for PCBs in Crab Orchard Lake is 
relatively stable, changes in runoff/erosion might influence the amount of PCBs in the aquatic 
environment, but the increased volume of water during periods of high runoff would also serve 
to dilute the contaminant (Livingston et al 1978) Periods of high runoff could also cause 
bottom sediments to become either more exposed or possibly covered over by new sediment 
It is apparent that runoff/erosion could cause PCB changes in either direction, or simply 
cancel-out each effect 
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Temperature may also influence PCB accumulation by fishes Murphy and Murphy 
(1971) reported faster uptakes for DDT at higher tetnperatures in mosquito fish (Gambusia 
affinis) and rainbow trout (Oncorhynchus mykiss) However, Langston (1978) found both 
faster rates of accumulation and elimination of 4,4' -dichlorobiphenyl in the cockle 
(Cerastoderma edule) at higher temperatures Accordingly, similar to runoff/erosion, the 
influences of temperature on PCB levels in fishes may tend to cancel themselves out 
Because the seasonal samples were not taken in tandem, the influence of time cannot be 
ignored PCB contamination of fishes could have declined in Crab Orchard Lake from 1986 to 
1989 An additional fall sample would be required to fully ascertain this possibility 
A clear pattern existed with respect to PCB contamination levels and the site where the 
fish were collected PCB levels in all six fish species analyzed were always highest (often 
significantly) at site 10, which was in close proximity to the main point source of 
contamination The trend held over each season/year indicating that either fish movement in 
Crab Orchard Lake is relatively minimal among the species studied, or that PCB accumulation 
and elimination is fairly rapid among fishes that immigrate to or emigrate from the 
contaminated site, respectively 
Largemouth bass, channel catfish and common carp were the only species tested that 
regularly exceeded the FDA action level of 2 mg/kg in edible tissue These levels were 
usually only found in fishes collected in proximity to the main point source (site 10), and were 
limited to the fall 1986 samples for largemouth bass and common carp Channel catfish were 
also found exceeding the FDA action level in spring 1987 As previously stated, the 
seasonalityItemporal changes in contamination appeared to be related to changes in fish lipid 
levels 
The variation in PCB levels between fish species may be due to differences in trophic 
status However, Phillips (1986) cited numerous studies that appear to be in conflict with 
respect to food web relationships Not surprisingly, lipid levels appeared to be the over-riding 
influence for these discrepancies In general, the centrarchids in this study appeared to follow 
Thomann's (1981) equilibrium model of trophic level transfer of PCBs With respect to 
channel catfish, common carp, and gizzard shad, all of which often feed on the bottom, it is 
difficult to separate the role that food consumption and association with contaminated 
sediments have in elevating PCB levels Kohler et al (1990) found high PCB levels in both 
sediments and macrobenthos in Crab Orchard Lake at site lOin 1986 Rubenstein et al 
(1984) showed in laboratory studies that fish fed a contaminated diet and exposed to 
contaminated sediments had significantly higher PCB levels than fish that were fed only the 
contaminated diet 
Age relationships with PCB contamination were not statistically analyzed in this study 
due to the confounding effects of varying lipid levels In general, though, PCB concentrations 
were usually highest among the oldest fish, but even very old (14 + to 18 + years) common 
carp had minimal PCB levels when their lipid levels were relatively low in summer 
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The major water drawdown in Crab Orchard Lake between the summers of 1989 and 
1990 did not appear to affect PCB concentrations of chaooel catfish However, the catfish 
were collected in the summers of both years when lipid levels, and presumably PCB levels, 
were at their lowest levels In retrospect, it would have been better, and perhaps necessary, to 
have collected the fish samples in the fall months immediately before and after the drawdown 
to determine any effects on PCB concentration levels 
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CHAPTER 5 SUMMARY AND CONCLUSIONS
 
MAJOR FINDINGS 
1	 PCB concentrations varied substantially in each species by season and appeared to be 
strongly related to changes in fish lipid levels 
2	 PCB concentrations in each species were usually highest in fall, intermediate in spring, 
and lowest in summer Lipid levels followed a similar pattern, but spring-time levels 
someimes exceeded fall levels while summer levels were always lowest 
3	 Channel catfish (fall and spring), common carp (fall), and largemouth bass (fall), often 
had PCB concentrations exceeding the FDA action level for edible tissues (2 0 mg/kg) 
4.	 Fish collected in proximity to the main point source had higher PCB concentrations, 
often significantly, than those collected further away 
5	 A major water level drawdown in fall 1989 was not found to significantly affect 
summer PCB concentrations in channel catfish the subsequent year 
6	 An additional fall sample of fish, possibly limited to harvestable-size channel catfish, is 
needed to determine if PCB levels have generally declined in Crab Orchard Lake since 
fall 1986 
PCB MONITORING 
Channel catfish and largemouth bass are excellent species for monitoring PCBs in 
various waters, or for assessing temporal patterns within the same water body When both 
species are present it may be sufficient to sample only channel catfish since they are the 
species most likely to be contaminated Collections should be restricted to harvestable-size 
fish, and PCB analyses should be conducted on individual fish rather than composites 
Collections should be taken in fall when lipid and PCB levels (if present) would both 
presumably be relatively high 
PUBLIC HEALTH ADVISORIES 
Seasonal public health advisories may be possible in waters such as Crab Orchard Lake 
where it has been shown that fish taken in summer pose no health risks If an all-seasons 
advisory is issued then only PCB data obtained from fall collections of harvestable-size fish 
should be used for making the determination 
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POINT-SOURCE CLEANUP 
The substantial decline in PCB contamination in conjunction with natural reductions in 
lipid levels in fish from spring to summer indicates that a successfully completed cleanup of a 
point-source of PCB contamination could show relatively rapid results within a fish 
community High PCB burdens appear to not be permanently sequestered in fish, but rather 
such conditions apparently require continual exposure in the environment 
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